bstract. The aim of the study was to determine the type and origin of plant communities on an area of 4 lysimeters (35 m 2 each) filled with ash and covered with two superlayers 12 years after the beginning of the experience. The paper presents the species of grasses sown in 2003, their sward participation then and the florist status in 2015. Phytosociological records were taken using the Braun-Blanquet's method, distinguished plant communities, the syngenesis of the recognized phytocoenoses was defined. The results allowed to determine the advantage of the ruderal synanthropic communities: Artemisio-Tanacetetum vulgaris Br-Bl. 1931 corr. 1949 Juraszek 1928 (in L-1). Their current state is referred to as a hull form. However, due to the presence of the expansive species characteristic of the above-mentioned communities, continued development can be expected towards fully developed phytocoenoses. The thesis founded about the influence of the neighboring forest communities on the species composition of the vegetation of the subject has not been confirmed. There were only three forest and scrub species with a negligible sward participation.
INTRODUCTION
Nature abhors the emptiness, thus sooner or later, every free space will be covered with vegetation. With a wide ecological tolerance or specific structure, it has the ability to colonize the natural areas characterized by extreme habitat (climate, edafic) conditions, as well as degraded areas due to human activity. The rate of available areas colonization by vegetation is dependent on the intensity of external factors (Woch et al. 2013 , Ciećko et al. 2015 , Żołnierz et al. 2016 . This is particularly evident in the anthropogenic areas resulting from an intensive human economic activity. These areas, after the loss of human pressure, are colonized by newly formed synanthropic or ruderal communities (Balcerkiewicz and Pawlak 2008, Gamrat et al. 2016) .
Areas, where ash is stored and used to reclamation, are also subject to plant succession, though perhaps not as fast as in areas with favorable ecological conditions (Majtkowski and Majtkowska 2012, Bajor et al. 2014) . Much of the species inhabiting these habitats come from surrounding areas, or the so-called soil seed bank (Woch 2012) .
Lysimeter areas tested in the present work are adjacent to heavily shaded forest areas dominated by Alnus glutinosa Gaertn. It was assumed, therefore, that eight years after the cessation of human interference, forest and scrub species will dominate on the studied soils.
The aim of the study was to determine the type and origin of plant communities developed on the surface of reclaimed ash using organic matter 12 years after the experiment set in lysimeters.
MATERIALS AND METHODS
The experimental object was founded in 2002 in the Dolna Odra Power Station in Nowe Czarnowo (Poland; 53°11'40"N, 14°29'30"E). Four lysimeters were built within its area, each with an area of 35 m 2 . After filling them with furnace ashes, the superlayer of 40 cm thickness was put on its surface having to play the function of the humus layer. In the first two lysimeters (L-1 and L-2), it was a mixture of low peat and ash in volume ratio of 1:3, whereas in the remaining ones (L-3 and L-4), the superlayer consisted of shredded conifer bark, loose sand, compost produced by GWDA method, and fermented municipal sewage sludge (having a composition per dry matter: 70% sludge, 30% straw) in volume ratio of 1:1:2:4 (Stankowski et al. 2005) . The paper presents the species composition of grass mixtures sown in 2003 and then participation in the sward (Stankowski et al. 2005) as well as floristic composition in 2015. The list of flora was made in the lysimeters during the growing season 2015. Also phytosociological records were taken applying the classic Braun-Blanquet's method, according to Dzwonko (2008) : 5 -range of cover 75-100%, 4 -range of cover 50-75%, 3 -range of cover 25-50%, 2 -range of cover 5-25%, 1 -range of cover 1-5%, + -range of cover <1%. Plant communities have also been distinguished. Syngenesis (origin) of recognized phytocoenoses was characterized based on the work by Brzeg and Wojterska (2001) (after Faliński 1969) . Area studied adjacent to a heavily shaded forest and scrub area dominated by Alnus glutinosa Gaertn., Betula pendula Roth, Populus tremula L.
Collective soil samples were taken from the superlayers, in which the following indicators were determined:
-granulometric composition by means of Casagrande method with Prószyński modifications; sand content by sieve method; division of granulometric fractions was made according to PSSS (2009); -pH applying potentiometry in 1 mol·dm -3 potassium chloride solution at weight ratio soil/solution of 1:2.5; -total contents of C and N using elemental CNS analyzer; -available phosphorus and potassium content by means of the Egner-Riehm method; -available magnesium content by the Schachtschabel method; -content of microelements forms soluble in 1 M HCl: Mn, Cu, Zn. Assessment of macro-and micronutrients forms available for plants was made according to Obojski and Strączyński (1995) .
RESULTS AND DISCUSSION
The studied lysimeter areas were sown in 2003 with a mix of sodding grasses (Lolium perenne L., Festuca rubra L., Poa pratensis L.) -species useful in the reclamation of ashes (Rogalski et al. 1998 , Kitczak et al. 2003 . Jasionkowski et al. (2016) report that the species are capable of the spontaneous colonization of wet fly ash storage sites. The sown areas were subject to spontaneous transformation, because no cultivation activities were carried out after sowing. The soil and habitat conditions changing during the subsequent years on studied areas along with entering and colonization of the area by new species led to significant changes in vegetation of studied areas and development of plant communities synanthropic in nature.
The assessment of the established plant communities allowed us to verify the assumption that the introduction of organic materials will enable fast and effective covering of ashes with flora. Masu and Rus (2013) and Weber et al. (2015) found that the admixture of organic matter, such as sewage sludge, to the ashes facilitated the development of vegetation through improving the physical and chemical properties of the substrate. The addition of organic matter has also positively influenced the total number of soil bacteria and fungi (Pogrzeba et al. 2015) .
The extent of the swine's density and its species composition on the surface of the examined lysimeters made it possible to identify communities and the potential direction of their succession, which is consistent with the conclu- In 2015, 12 years after the founding of experiment, the number of species has increased 13-fold ( Table 1 ). The occurrence of 40 species of vascular plants was recorded. These plants inhabited the subsoil with a particle size of sandy loam (Table 2) 
Superlayer 1 (L-1 and L-2) was characterized by the alkaline character, while superlayer 2 containing significantly less calcium carbonate, was neutral (Table 2 ). These differences should be attributed to the composition of superlayers. As it was presented in Methods, superlayer 1 was composed of the mixture of ash and peat, whereas superlayer 2 did not contain ash at all, and half of its volume was sewage sludge. As it was shown by Klimont and Bulińska-Radomska (2009), introducing the municipal sludge at the rate of 350 m 3 ·ha -1 to ash resulted in some pH decrease. However, studies by Joniec (2013) have indicated that applying sludge to strongly acidic soils (pH in KCl 4.1-4.3) caused considerable pH increase, which allows to conclude that remarkable acidification of superlayer 2 cannot be expected.
In both superlayers, similar total contents of nitrogen were recorded, while in superlayer 1, significantly higher amount of total carbon than in superlayer 2 was found (Table 2) , although the latter contained much more organic matter at the time of formation (conifer bark, sludge and composts) than the former. Because of different carbon content, superlayer 1 was characterized by a 2-3-fold larger C:N ratio than superlayer 2, in which the ratio C:N was similar to that described by Kwiatkowska-Malina (2015), and being within the standard range for Polish arable soils. Evaluation of the content of available macro-and microelements in the soils (Table 3) carried out according to the criteria by Obojski and Strączyński (1995) showed that the abundance in magnesium and phosphorus was very high, in zinc and copper -high, and in manganese -average. This allows the supposition that their bioavailability did not influence the diversity in the species composition of the sward, despite significant differences in the content of available forms of micronutrients. The content of available potassium showed no differentiation (Table 3) , but due to differences in particle size of the superlayers, its abundance in lysimeters 1 and 2 was low, while in lysimeters 3 and 4 -average. In 2015, share of Lolium perenne L. in the species composition was neglected, despite that in 2003, it was introduced as a dominated sodding grass species (Table 4) . In lysimeter L-3, there was considerable share of ruderal species ( Table  4) that initialize typically ruderal nitrophilous association Leonuro-Ballotetum nigrae Slavn. 1951, and only hull-developed with a single characteristic species. Among herbaceous plants, ruderal-segetal vegetation prevailed -14 species of classes: Artemisietea, Epilobietea angustifolii and Stellarietea mediae. Remaining 6 species were meadow-pasture ones of classes Molinio-Arrhenatheretea and Koelerio glaucae-Corynephoretea canescentis as well as a single shrub species of class Rhamno-Prunetea. Dyguś (2013) referred to Leonuro-Ballotetum nigrae Slavn. 1951 as one of the most developed communities in its optimum developmental stage on landfill Radiowo. In lysimeter 4, ruderal species of Artemisietea class were also present, however, Rubus caesius preferring dry, sunny and nitrophilous habitats, was also developed. Further growth of this species in the community on the studied area should be expected. A significant share of ruderal species within lysimeters 3 and 4 (Table 4) is consistent with that was shown by Dyguś and Sienkiewicz (2014) . They presented that spots of vegetation developing on reclaimed ash substrate formed the meadow-ruderal com-munity Sisymbrium loeselii-Artemisia vulgaris with small patches of typically ruderal aggregations of nitrophilous annual species. This type of phytocoenosis was referred to by Brzeg and Wojterska (2001) as synanthropic ruderal specialized communities.
The only species, the occurrence of which can be assumed that it is associated with differences in grain size of the superlayers was Hieracium umbellatum L. of class Koelerio glaucae-Corynephoretea canescentis characteristic for sandy meadows. It was found in lysimeters 3 and 4, and after Zaniewski et al. (2015) , also present on forest post-fire sites on sandy areas. Contrary to earlier assumptions about the impact of the forest-shrub community adjacent to the studied subject, there was no significant share of species associated with this habitat in the sward. (in L-4) .
Earlier thesis about the influence of neighboring forest community on species composition of the forest object vegetation has not been confirmed. Three forest and scrub species (Clematis vitalba L., Humulus lupulus L., Stachys sylvatica L.) had only 7.5% share in the total flora of the studied objects, while on areas of the coal mine "Jan Kanty" in Jaworzno, share of deciduous forest species was 16% (Jędrzejko and Olszewski 2008). 2. The species composition in lysimeter 1 can indicate that the pioneer planting processes of Calamagrostis epigejos (L.) Roth are beginning to take place. In lysimeter 2, the presence of Artemisia vulgaris L. and Cirsium arvense (L.) Scop. allows to conclude about the development towards stable communities of high aggregate perennials. In lysimeter 3, the further development of Urtica dioica can contribute to the reduction of the fitodiversity of the Leonuro-Ballotetum nigrae Slavn. complex 1951. In the last lysimeter, one should expect a further increase in the participation of Rubus caesius in the community.
3. The assumption about the infiltration of forest and shrub species from the neighboring forest structure and the settling of lysimeter surfaces by them has not been confirmed. The share of the taxons in the flora of the studied subjects was negligible -7.5%, in the form of Clematis vitalba L., Humulus lupulus L., Stachys sylvatica L.
4. There was a significant increase in the species diversity of plants growing on the lysimeter, from three species (Lolium perenne L., Festuca rubra L., Poa pratensis L.) to forty. Among the sown grasses, only Festuca rubra L. retained a significant share in covering the undergrowth. The remaining species were sporadic.
5. The overlays varied in terms of grain size and reaction. Overlay 1 was sandy clay with basic pH (pH KCl 7.51-7.61), and overlay 2 was clayey sand with neutral pH (pH KCl 6.68-7.00). The value of C:N ratio in overlay 1 was twice as high (28.9) as in overlay 2 (13.8) in which it corresponded to the values recorded on arable land.
6. The content of assimilable P, Mg, Zn, Cu, Mn forms did not differentiate the conditions of vegetation development. The exception was potassium, the amount of it in overlay 1 was low, and in overlay 2 -medium.
7. The overlays, allowing ashes to perform soil functions, provided conditions for the development of vegetation protecting the neighboring areas against ash pollution as a result of erosion processes.
8. The observed species composition of the studied lysimeter surfaces indicates the potential direction of the succession, which allows to take measures to prevent the reduction of fitodiversity, as associated with the dominance of shrubs or other species with woody surface shoots.
